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Intra- and intermolecular 
0 f some carlbonyl derivatives 
under Friedel-Crafts conditions 
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Carbonyl group deactivation in the cycloaikylation of aryl haloalkyl ketones was studied. Ketones 1-5 were prepared and subjected to 
treatment with A1C1 3 , AJCI3/H2SO4 and H 2 S0 4 catalysts. Whereas AICI 3 cataJyst gave no cyclization products, the use of AlCl/H^O* and 
HjSO^ catalysts afforded the corresponding indanones and/or tetralones (6-11). The intermediate p-methylacrylophcnonc (12) was also 
obtained in the case of ketone 2. 

Furthermore, intermolecular cyclizations of benzene, toluene and p-xylene with 3-chioropropionyI chloride ■ (13) and 4-chlorobutyryl 
chloride (14) were investigated. In the presence of AICI3/CH3NO2 catalyst, only the corresponding aryl haloalkyl ketones (1-5) were formed 
whereas the use of A1C1 3 catalyst gave, in addition, some cyclic ketones. However, the use of A1C1 3 /H 2 S0 4 catalyst gave only the corresponding 
cyclic ketones (6-11). 

Results are discussed and mechanisms are suggested. In conclusion, carbonyl group deactivation for ring closure is demonstrated in the 
investigated ketones and cyclization can only effected under strenuous conditions. 



Resume, — La cycIoalJcyiatiori des aryl halualky! ccion« a etc ciu- 
diee. Les cetones 1-5 ont ete preparers et traities avec les catalyseurs 
AlClj, AIC1 3 /H 2 S0 4 et H 2 SO v Alors que AlG 3 ne donne pas de pro- 
duits cyclists, Temploi de AICI 3 /H 2 S0 4 ou H 2 S0 4 conduit aox 
indanones et/ou aux titralones 6-11. La p-mcthylacrylophenone 12 
est aussi obtenue dans le cas de la cetone 2. 

La cyclisation intermoleculaire du benzene toluene et p-xylcne avec le 
chlorure de chloro-3 propionyle a ete itudiee. En presence de A1CI 3 / 
CH 3 N0 2 , seules les aryl haloalkyl cetones 1-5 sont formees, alors 
qu'avec A1C1 3 , on observe un peu de cetones cycliques. Par contre, 
('utilisation de A10 3 /H 2 S0 4 donne uniquement les cetones cycliques 
Ml. 

Les resultats sont discutes et des mecanismes sont proposes. 



Introduction 



The cycloaikylation of aryl haloalkyl ketones has a special 
significance from the mechanistic and synthetic points of 
views. Inspection of previous results revealed considerable dis- 
crepancies (1-17). Some authors indicated that such cyclo-- 
alkylation reactions could only be effected under strenuous 
conditions (3, 5, 9, 11) while others reported facile ring clo- 
sure to the corresponding indanone or tetralone derivatives (1, 
2). Recently, Pines and Douglas (14) showed, using isotopic 
labelling, that the closure of these compounds proceeded via 
the intermediate aryl alkenyl ketones. In view of these dis- 
crepancies and of the fact that aromatic carbonyl compounds 
- have low reactivity towards electrophilic substitution reactions 
(9, 11, 18* 21) we decided to tackle this problem in the ensuing 
discussion. The results are compared to those from earlier 
studies and discussed in terms of our recent findings about 
ring closure reactions (11, 22, 3 J). 



Results and discussion 

The starting aryl haloaikyl ketones, 3-chloropropiophenone 
(1) ; 4 , -methyl-3-chloropropiophenone (2) ; Z'-S'-dimethyl-S- 
chloropropiophenone (3) ; 4-chlorobutyrophenone (4) and 
2\5'-dimethyI-4-chlorobutyrophenone (5) were prepared via 
interaction of 3-chIortfpropionyI chloride (13) and 4-chloro- 
butyryl chloride (14) with the corresponding diarylcadmium 



(32) and their cycloaikylation reactions were examined in the 
presence of different Friedel-Crafts catalysts such as A1C1 3 , 
AIC1 3 /H 2 S0 4 and H 2 SG 4 . 

Surveying the results of table 1 showed that in the presence 
of A1C1 3 catalyst ketones 1-5 were recovered unchanged even 
when we used more than two folds of AICI3 (1:2.4) whereas in 
the presence of either A1C1 3 /H 2 S0 4 or H 2 S0 4 catalysts 1-4 
gave the corresponding indanone derivatives (6-9), respecti- 
vely. In the case of 2, we also obtained p-methylacrylophenone 
(12) in addition to 7. Ketone 5 gave under similar conditions a 
mixture of 3, 4, 7-trimethyI-l -indanone (10) and 5,8-dimethyl-i- 
tetralone (11). 

As suggested by Pines and Douglas (14), the ring closure of 
aryl chloroalkyl ketones (1-5) in the presence of H 2 S0 4 or 
A1C1 3 /H 2 S0 4 catalysts could be assumed to occur via the 
intermediates aryl alkenyl ketones which are formed through 
HC1 elimination of the enol forms of ketones 1-5, as shown in 
the case of 2, in scheme 2. Of course, the isolation of 12 
during the cycloaikylation of 2 with A1C1 3 /H 2 S0 4 and H 2 S0 4 
catalysts supports this view (table 1, entries 5, 6). The cyclo- 
aikylation of* aryl alkenyl ketones was studied by us in a pre- 
vious manuscript (31). The formation of 11, however, upon 
cycloaikylation of 5 (table 1, entries 14, 15) couid be ascribed 
to the higher reactivity of the xylene nucleus toward Friedel- 
Crafts alkylations (33), i.e, the two methyl groups in the 
xylene moiety in 5 compensated the carbonyl group deactiva- 
tion which stabilizes the intermediate complex making cyclo- 
aikylation of 16 possible. Furthermore, the formation of ben- 
zene and toluene could be easily interpreted on the basis of 
the deacylation of I and 2, respectively. 

It is now clear that the Friedel-Crafts cycloaikylation reac- 
tions of aryl chloroalkyl ketones, as well as other electrophilic 
substitution, are supressed by the presence of carbonyl group 
directly connected to the aromatic ring. This is understandable 
on the basis of the possibility of coordination with acid 
catalysts ( C = 6:A1 Cl 3 or C = 6:H) and/or the formation 
of stable oxonium ions similar to those detected by Pines and 
Douglas (14). 

To further clarify this problem, this work was extended to 
the intermolecular cyclization of some arenes such as benzene, 
toluene and p-xylene with 3-chloropropionyl chloride (13) and 
with 4-chlorobutyryl chloride (14) under the same previous 
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TABLE J 

Reaction of aryl chloroctkyl ketones with Friedel- Crafts catalysts 



Reaction conditions 



nn try 

No. 


*!tartinff ketone 


Catalyst 


Solvent 


Temp. 
( C C) 


Time 
(hrs) 


Reaction products (%) 


1 


3-chloropropiophenone 


A1C1 3 


CS 2 


RT 


3 


Recovered starting material (94) 


2 




A1C1 3 /H 2 S0 4 




25-90 


4 


1-indanone (60) ; benzene (trace) 


3 




H 2 S0 4 


— 


90 


1 


1-indanone (80) 


4 


4*-methyl-3-chloropropio- 
phenone 


aici 3 




RT 


3 


Recovered starting material (95) 


5 




Aia 3 /H 2 so 4 




25-90 


4 


5 -methyl- 1-indanone (75) ; p-methylacrylo- 
phenone (5) ; toluene (trace) 


6 


» 


H 2 S0 4 


— 


90 


1 


5-methyM-indanone (76) ; p-methyiacrylo. 
phenone (5) ; toluene (trace) 


7 


2 ' ,5 ' -dimethyl-3-chloropro- 
piophenone 


Aia 3 


CS: 


RT 


3- 


Recovered starting material (90) 


8 




Aia 3 /HjS0 4 


it 


25-90 


4 


4,7-dimethyl-l-indanone (81) 


9 




H 2 S0 4 




90 


1 


4,7-dimethyl-l-indanone (90) 


10 


4-chlorobutyrophenone 


A1C1 3 


CS 2 


RT 


3 


Recovered starting material (90) 


11 




A1C1 3 /H 2 S0 4 


»t 


25-90 


4 


3 -methyl -1-indanone (68) 


12 




HzSO, 




90 


1 


3-methyI- 1-indanone (70) 


13* 


2 ' ,5 ' -dimethyl-4-chlorobutyro- 
phcnonc 


AlCi 3 


CS 2 


RT 


3 


Recovered starting material (85) 


14 


ti 


Aia 3 /H 2 S0 4 


n 


25-90 


4 


3,4,7-trimethyl-i-indanone (50) ; 
5,8-dimethyl-l-tetralone (20) 


15 


»» 


H^SO, 




90 


I 


3,4,7-trimethyl-l-indartone (55) ; 
5,8-dimethyl-I-tetralone (16) 



(*) This experiment was repeated using 0.024 mole of A1C1 3 for 0.01 mole of 2 l 5-dimethyl-4~chloroburyrophenone (5) and the starting 5 was 
recovered unrcacted in 90%. 




Entry 
No. 



!. i 

i ; 

I 6 
;' 7 
I 3 
9 

r 10 

) II 

12 
13 
14 



Ri O 



AlCU 




1, R j — R 2 — R 3 — H 

2, Ri^Rj^H, R 2 = CH 3 

3, R^R^CHj, R 2 = H 




R-, CI 



4, R, = R 2 =H 

5. R, = R^ = CH 3 



AlCt 3 /H 2 S0 4 



or H 2 S0 4 



AlCU 



A1C1 3 /H 2 SQ 4 



or H 2 SOj 



no reaction 




no reaction 



+ other minor products 




R, O 




11 



i 15 



i 
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TABLE 2 

Reactions of haloacid chlorides with arenes in the presence of Friedel-Crafts catalysts 



Reaction conditions 



i 


Entry 
No. 


Arene 


Haloacid chloride 


Catalyst 


Solvent 


Temp. 
CO 


Time 
(hrs) 


Reaction products 


» 


1 


Benzene 


3-chloropropionyl 


AlClj/CHjNOj 


CS, 


RT 


2 


3-chloropropiophenone (88) 






chloride 












* 


it 


ii 


AiCi 3 




RT 


2 


3-chloropropiophenone (71) 




3 




it 


A1C1 3 /H 2 S0 4 




25-90 


4 


l-indanone (58) 




4 


Toluene 


i» 


AICI 3 /CH 3 N0 2 




RT 


2 


4 f ~methyl-3-chloropropiophenone (98) 




5 




»» 


A1C1 3 




RT 


2 


4'-methyl-3-chloropropiophenone (87) 


) 


6 


)* 




A1C1 3 /H 2 S0 4 




25-90 


4 


5-methyl- l-indanone (60) 


1 


7 


p-xylene 




A1C1 3 /CH 3 N0 2 




RT 


2 


2\5 , -dimethyl-3-chl6ropropiophenone (97) 


t. 


8 






AICI 3 




RT 


2 


2\5*-dimethyI-3-chIoropropiophenone (85) 




9 






A1C1 3 /H 2 S0 4 




25-90 


4 


4,7-dimethyl-l -indanone (75) 




10 


Benzene 


4-chlorobutyryI 
chloride 


A1C1 3 /CH 3 N0 2 , 




RT 


2 


4-chlorobutyrophenone (71) 


j 


11 






AIC1 3 




RT 


2 


4-chlorobutyrophenone (55) ; 


\ 
















3 -methyl- l-indanone (25) 


\ 


12 






A1C1 3 /H 2 S0 4 




25-90 


4 


3-raethyl- 1 -indanone (70) 


I 


13 


p-xylene 




AJa 3 /CH 5 N0 2 




RT 


2 


2\5'Kumethyl-4-chlorobutyrophenone (85) 


1 


14 






aici 3 




RT 


2 


2\5 , -diroethyl-4-chlorobutyrophenone (48) ; 


\ 
















3, 4,7-trimethyt- l-indanone (25) ; 




15 














5,8-dimethyl-l-tetralone (10) 


\ 
) 






Aia 3 /H 2 so 4 


t » 


25-90 


4 


3,4,7-irimethyl- l-indanone (48) ; 
5,8-dimethyl-l-tetralone (33) 



conditions. Formerly, intermolecular cyclization of arenes 
w "h bifunctional molecules has found little attention (16, 33, 
% In the present work, in the presence of the mild AiCI 3 / 
CKjN0 2 catalyst, the interaction of 13 and 14 with benzene, 
toluene and p-xylene gave only the corresponding aryl halo- 
ketones, no cyclization products could be detected (table 
Gentries I, 4, 7, 10, 13). These ketones (1-5) were identical in 
respects to those obtained via the alternative method (32) 
and therefore this method has a considerable synthetic value. 

the strong A1C1 3 catalyst, 13 again interacted with ben- 
***** toluene and p-xylene but gave no cyclization products 
table 2, entries 2, 5, 8). With the latter strong catalyst, how- 
** er . 14 interacted with benzene and p-xylene to give a pro- 



duct 



.mixture in which the cyclic ketones were observed 



. entries 11, 14). The formation of 9 and 10 may be 

^nbuted to the possible rearrangement of the initially 

.^ ri ned primary carbocations (15 and 16), while the formation 
^ we II is due to the direct attack of 16 on the reactive 
JWene moiety (scheme 3). On the other hand, this reaction 
J* '«ted using A1C1 3 /H 2 S0 4 catalyst. Under these conditions 
& y e, upon interaction with benzene, toluene and p-xylene, 
in aanone (6, 58%), 5-methyl- l-indanone (7, 60%) and 4,7- 



dimethyl: l-indanone (8, 75%), respectively. With 14 benzene 
gave entirely, under the former conditions, the rearrangement 
product 3-methyl-l -indanone (9, 68%) and non of the direct 
closure product, 1-tetralone (19), could be detected. This indi- 
cates that rearrangement of the 15 to 17 was complete prior to 
the closure step in this case. Furthermore, attempted isomeri- 
zation of 10 to 11 and vice versa was carried out using AIC1 3 / 
H 2 S0 4 catalyst and pure samples of each 10 and 11 under the 
same reaction conditions. However, the starting M) (or 11) was 
recovered unchanged and the other isomer 11 (or 10), respec- 
tively, could not be detected. These results show that the inda- 
none 10 and the tetralone 11 are primary, but not rearranged, 
products. 

5,8-dimethyl-l-tetralone (11, 23%) was formed, in addition 
to 3, 4,7-trimethyl-l -indanone (10, 44%) during the reaction of 
14 with p-xylene under the same catalytic conditions. The pro- 
duction of 11 is, of course, due to the compensation of the 
carbonyl deactivation by the two methyl groups which made 
the closure of the primary carbocation (16) possible (23). 

The identities of the products were confirmed by matching 
all physical properties and spectroscopic data with known 
samples. 
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O 
II 

oc— (Ch 2 ; 3 ci 

catalyst 



R 1 = R 2 = H, 4 
R, = R 2 = CH„5 




9, 10 



17. 18 



Scheme 3 



FTfiAfi man tal 



All melting points were determined using a Kofler melting point 
apparatus and were^uncorrected. A Pye-Unicam gas chromatograph 

. 1" 

series 105 was usedjfor.GLC analysis using 5* x — column packed with 

lOVo SE 30 over ch1f|mosorb and nitrogen flow rate 60 ml/mi n. Isola- 
tion of products 'v&ss also achieved using 100x2 cm glass column 
packed with thin silica gel film. The ir spectra were obtained on a 
Pyc-Unicam SP 200 G spectrophotometer. 

v ^ t ." Starting materials 

The aryl chloroaU^yl ketones (1-5) were prepared via interaction of 
3<hloropropionyl gSlbride (13) or 4-chlorobutyryl chloride (14) with 
the proper diarylcadmium according to the procedure of Cason (32). 
For example, reaction of 13 with diphenylcadmium, di-p-toly-l- 
cadmium, and with di(p-xylyl) cadmium gave 3-chloropropiophenone 
(37) (l, 51%), 4 , -methyl-3-chIoropropiophenone (38) (2, 61%) and 
2'.5'-dimethyl-3-chloropropiophenone (4) (3, 42%), respectively. 
Also, 4-chlorobutyrophenone (39) (4, 50%) and 2 ',5 '-dimethyl -4- 
chlorobutyrophenone (40) (5, 40%) were prepared via interaction of 
14 with diphenylcadmium and di(p-xylyl) cadmium, respectively. The 
prepared materials (1-5) gave correct elemental and spectral data as 
well as the same literature boiling (or melting) points. 

Authentic samples 

• hindanone (6) : 

Treatment of 3-phenyIpropionyl chloride (9 g, 0.06 mole) with 
AlClj (10 g, 0.075 mole) in 100 ml CS 2 with reflux for three hours 
gave 5 g (78%) of 6, mp 40°C, lit. (16) 40-l°C. 

• 5-tnethyf-I-indanone (7) : 

Reaction of 3-(p-tolyl)propionyl chloride with AIC1 3 as described 
above gave 7 in 35% yield, mp 71 C C, lit. (41) mp 71 °C. 

. • 4, 7-dimethyl-I-indanone (8) : 

3-(p-xylyl) propionic acid was prepared as described earlier (42) 
from 2,5-dimethyl (propiophenone, sulfur and morpholine in 53% 
yield, mp I32°C, lit. (43) mp I3TC. 3-(p-xylyl) propiony! chloride 
(5 g; 0.025 mole ; prepared by refluxing the acid with SoCl 2 in ben- 
zene): was refluxed for six hours with A1CI, (3.7 g. 0.O28 mole) in 
100 ml CS 2 . The product (8, 2.5 g, 61%) was melted at 76°C (metha- 
nol), lit. (4) mp 76-77°C. 



3-phenylbutyric acid, previously prepared from, benzene and croto- 
nic acid in the presence of A1G 3 and HO gas (44), was converted to 
3-phenylbutyryl chloride with PCI 3 . The latter (5.4 g, 0.3 mole) was 
treated with AIC1 3 (5.3 g, 0.04 mole) in 10 ml nitromethanc for three 
hours to yield 3-methyl-l-indanone (9, 4.39 g, 90%), bp 1 18°C/ 
II mmHg, lit, (45). 118°C/11 mmHg. 

e> 3,4,7-trimethyl-I'indanone (10) : 

Crotonic acid (8.69, 0.1 mole) and p-xylene (10.6 g, 0.1 mole) gave 
upon treatment with A1CI 3 in CS 2 as described before, the target com- 
pound 10 (12 g f 68%), mp 32°C, lit. (46) mp 3l-32°C. 

e 5.8-dimethyt-l-tetratone (11) : 

3 -(2,5-dimethyl benzoyl) propionic acid, prepared by reacting of 
p-xylene (26 g, 0.25 mole) and succinic anhydride (25 g, 0.25 mole) 
with A1C1 3 (40.1 g, 0.3 mole) in 200 ml CS, [35 g, 69%, mp 86°C li»- 

(47) 86°C1, was reduced to 4-(p-xylyl)butyric acid [68%, mp 70°C, lit. 

(48) mp 71°C) using hydrazine hydrate in diethylene glycol (49). The 
corresponding acid chloride, obtained through reflux of the acid with 
thionyl chloride in benzene, was treated with A1C1 3 in CS 2 under 
reflux condition for two hours. The product was 11 (68%), mp 32°C 
lit. (47) 33°C. 

Intramolecular cyclization (general procedures) 

The following general procedures were carried out during the pre- 
sent work. 

A) Reaction of aryl haloalkyl ketones with AIC1 3 catalyst : 

A solution of 0.01 mole aryl haloalkyl ketone in 25 ml CS 2 
added to a mixture of 6;012 mole AiCl 3 and 50 ml CS 2 contained m 
two necked flask equipped with a reflux condenser capped with cal- 
cium chloride tube, a magnetic stirrer and a dropping funnel. I" a 
runs, unless otherwise stated, the reaction .mixture was stirred ft* 
three hours at room temperature (RT), decomposed with 10% " L 
solution, extracted with ether and the ether extract was washed ^ 
water,- 10% sodium carbonate solution, again with water and dn ^ 
over magnesium sulfate. The solvents, ether and CS 2 , were remove 
by distillation and the residue was identified as described under e» 
individual run. Results are found in table 1. 

B) Reaction oj aryl haloalkyl ketones with AlO 3 /H 2 S0 4 catalyst : 
As in method A, a solution of 0.01 mole of aryl haloalkyl ketone : 

50 ml CS 2 was added to 0.012 mole A1C1 3 in 25 ml CS 2 * nd 



; mixture wa 

| reduced pre 

• 0 Uy residue 

j cooled tort 

■ Jft d the etl 

1 under each 

) ci Reaction 
* | A mixtur 
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separation 
j ^h indivic 
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ijtiure was stirred for three hours, the CS 2 was removed under 
^juced pressure and then 10 ml of cone. H 2 S0 4 was added to the 

-iy residue. The reaction mixture was heated for one hour at 90° C, 
^joled to room temper aiure, diluted with water, extracted with ether 
jpd the ether extract was treated as above. Results are described 
0 nder each individual run. 

q Reaction of aryl haloatkyl ketones with //jS0 4 catalysts : 

A mixture of aryl haloalkyl ketone (0.0 1 mole) and cone. H 2 S0 4 
(lOml) was heated ar90°C while stirring for one hour, cooled, 
diluted with water and the product separated as described before. 
Separation and identification of the products are discussed under 
each individual experiment. 

Reaction of 3-chloropropiophenone (1) with AlClj catalyst : 

A solution of 1 (1.6 g, 0.01 mole) in 25 ml CS 2 was treated with 
AlOa 0°* 8- °- 012 m <>le) as described before. The starting ketone (I, 
1.5 S» was recovered (table I, entry 1). 

o Reaction of 1 with A1C1 3 /H 2 S0 4 catalyst : as described in the 
general procedure, 1, L6 g, 0.01 mole) gave after treatment with 
AICI3/H2SO4 catalyst, l-indanone (6, 0.8, 60%) and a trace of ben- 
zene (table 1, entry 2). 

0 Reaction of 1 with H2SO4 catalyst : a sample of 1 (1.6 g, 
0.01 mole) was treated with 10 mi cone. H 2 S0 4 . GlC analysis showed 
only single peak at the same retention time as authentic sample of 
l-indanone (6, 1 g t 82%), table 1, entry 3. 

0 Reaction of 4 , -methyl-3-chloropropiophenone (2) with A1C1 3 
catalyst : starting with 2 (1.8 g, 0.01 mole) and AIC1 3 (1.6 j, 
0.012 mole), the reaction product was 1.7 g (949b) of the starting 
rnatejrial (table 1, entry 4). 

'ijSkeaction of 2 with AICi 3 /H 2 S04 catalyst : interaction of 2 
0.01 mole) with A1CI 3 /H 2 S0 4 catalyst gave 1.2 g of crude pro- 
: '4nS*'GLC analysis revealed three peaks corresponding to, using 
^flthentic samples, toluene (trace) ; 4-methylacrylophenone (12, 5%) 
.^v5-methyl-l-indanone (7, 75%), mp and mmp 70°C, lit. (41) mp 
■ii^? (tabic 1, entry 5). 

:|i||^eaction of 2 with H 2 S0 4 catalyst : a sample of 2 (1.8 g, 
'%lj||iole) was treated with 10 ml cone. H 2 S0 4 . GLC analysis of the 
'Mil' product, using authentic samples, revealed two peaks for 

^tnylacrylophenone (12, 5%) and 5-methyI-l-indanone (7, 92%). 
GLC/mass spectrometry analysis showed a parent ion of rn/z . 

Uiywith fragmentation pattern in accord with the structure of 7 

(table 1, entry 6). 

o Reaction of 2 , ,5 , -dimethyl-3-chIoropropiophenone (3) with A1CI 3 
catalyst : a solution of 3 (2.0 g, 0.01 mole) in CS 2 was treated with 
AICIj (1.6 g, 0.012 mole) as described above. The product was 1.8 g 
(90%) of the starting ketone (table 1, entry 7). 

o Reaction of 3 with A1C1 3 /H 2 S0 4 catalyst : treatment of 3 (2.09, 
0.01 mole) with A1C1 3 /H 2 S0 4 catalyst gave 4,7-dimethyl- l-indanone 
(8, 1.3 g, 81%), mp and mmp 76°C, lit. (4) mp 77°C (table I. 
entry 8). 

o Reaction of 3 with H 2 S0 4 catalyst : a sample of 3 (2 g, 
0.01 mole) gave after treatment with H 2 S0 4 catalyst 4,7-dimethyM- 
indanone 8 (1.4 g, 90%) ; mp, mmp 77°C, lit. (4) mp J7°C (table 1, 
entry 9). 

o Reaction of 4-chlorobutyrophenone (4) with AlCl 3 catalyst : 
treatment of 4 (1.8 g, 0.01 mole) with AIC1 3 (1.6 g, 0.017 mole) in 
CS 2 gave no cycli2atton products and the starting ketone 4 was 
recovered (1.6 g, 88%) ; table 1, entry 10. 

0 Reaction of 4 with A1CI 3 /H 2 S0 4 catalyst : interaction of 4 
U-8g, 0.0! mole) with A1C1 3 /H 2 S0 4 , as in the general procedure, 
Save 1 g 0 f cru< i c product identified by GLC technique using an 
authentic sample as 3-methyl-I-indanonc (9,68%) ; table 1, entry 11. 

0 Reaction of 4 with H 2 S0 4 catalyst : a mixture of 4 (1.8 g, 
0.01 mole) in 10 ml cone. H 2 S0 4 was allowed to react as described 
Artier. The product was 3-methyl- l-indanone (9, 19,68%) identified 
« above (table 1, entry 12). 

0 Reaction of 2', 5 '-dimethyl -4-chlorobutyrophenone (5) with A1C1 3 
catalyst : treatment of 5 (2.1 g, 0.01 mole), with A1C1 3 (1.6 g, 
0-012 mole) in CS 2 gave no cyclization products and the starting 
Material (5) was recovered (1.75 g, 85%) ; this experiment was 
Seated using 2.1 g (0.01 mole) of 5 for 3.24 g (0.024 mole) of AlCl 3 . 
*fco, the starting 5 was recovered unchanged (1.99, 90%). table I. 
entry 13, 



9 Reaction of 5 with A1CI 3 /H 2 S0 4 catalyst : a sample of 5 (2.1 g, 
0.01 mole) was treated with A1C1 3 /H 2 S0 4 catalyst. The product was 
found to be, using GLC technique and authentic samples, a mixture 
of 3,4,7-trimethyl-l-indanone (10, 50%) and 5,8-dimeihyl-l-tetralone 
(11, 20%) ; table 1, entry 14. 

© Reaction of 5 with H 2 S0 4 catalyst : interaction of S (2.1 g, 
0.01 Mole) with 10 ml cone. H 2 S0 4 resulted in the formation of a 
mixture of 3.4,7-trimethyt-I-indanone (10, 53%) and 5,8-dimethyl- 
tetralone (11, 16%) ; table 1, entry 15. 

Attempted isomerizalion of 3,4, 7-trimethyU l-indanone (10) 
and 5,8-dimethyi-l-tetratone (11) with AIC/ S /H 2 S0 4 catalyst : 

A solution of 10 (1.74 g, 0.01 mole) in 25 ml CS 2 was treated wiih 
A1C1 3 (1.62 g, 0.012 mole) in 50 ml CS 2 in the presence of 5 ml cone. 
H 2 S0 4 as described above. The starting 10 was recovered in 92% 
yield (1.6 g). 

Treatment of 11 (1.74 g, 0.0 1 mole) with the same catalyst under 
the same conditions afforded only unreacted 11 (1.5 g, 86.2%). 



(NTERMOLECULAR cyclization (GENERAL [»ROCEl>URKS) 

Three different techniques were followed during the progress of 
this work. 

A) Reaction of ha/oacid chlorides with arenes 
in the presence of AICI i /CH i N0 2 catalyst : 

To a mixture of 0.12 mole of AlCI 3 in 50 ml CS 2 placed in two 
necked flask, 0.12 mole of nitromethane was added slowly while 
stirring. After stirring for one hour, 0.1 mole of the arcne was added 
followed by the addition of 0.1 mole of the haloacid chloride over a 
period of one hour. The reaction mixture was stirred for an additio- 
nal two hours at room temperature, decomposed and extracted as in 
the case of the reactions of aryl haloalkyl ketones with A1CI 3 catalyst. 
Separation and identification of the reaction products are described 
under each individual run. Results are found in table 2. 

B) Reaction of ha/oacid chlorides with arenes 
in the presence of A/Clj cata/yst ; 

A two necked flask was charged with 0.12 mole AICt 3 and 50 ml 
dry CS 2 . To this mixture, was added 0.1 mole of the arene followed 
by dropwise addition of 0. 1 mole of the haloacid chloride during one 
hour with stirring. The reaction mixture was treated as discussed 
before and identification of the products is described for each case. 
Results are tabulated in table 2. 

C) Reaction of ha/oacid chlorides with arenes 
in the presence of AfC/ s /HyS0 4 catalyst : 

A solution of 0.O5 mole of the arene and 0.05 mole of the haloacid 
chloride in 25 ml CS 2 was added during one hour while stirring to a 
mixture of 0.06 mole AlCl 3 in 50 ml CS 2 contained in two necked 
flask. After stirring for three hours at room temperature, the solvent 
was removed under vacuum and 10 ml of cone. H 2 S0 4 was slowly 
added to the oily residue. After heating for one hour at 90°C, the 
reaction mixture was cooled to room temperature, decomposed and 
extracted as usual. Results are presented in table 2. 

© Reaction of benzene with 3-chloropropionyt chloride U3) in the 
presence of AICI 3 /CH 3 N0 2 catalyst : benzene (7.8 g, 0.1 mole) was 
treated with 13 (12.7 g, 0.1 mole) in the presence of AICI 3 /CH 3 N0 2 
catalyst (0.11 mole), prepared from AICI 3 (14.5 g, 0.12 mole) and 
nitromethane (7.3 g, 0.12 mole). The reaction mixture was processed 
according to the former general procedure. The product was 3-chloro- 
propiophenone (1, 15 g, 88.5%) ; mp, mmp 48°C, tit. (37) mp 49°C 
(table 2,. entry 1). 

© Reaction of benzene with 13 in the presence of AlCl 3 catalyst : 
the reaction of benzene (7.8 g, 0.1 mole) with 13 (12.7 g. 0.1 mole) in 
the presence of A1C1 3 catalyst (16.2 g, 0.12 mole) as in the procedure 
mentioned above gave 3-chloropropiophenone (1, 12 g, 71%) ; mp, 
mmp.49°C, lit. (37) mp 49*C (table 2, entry 2). 

© Reaction of benzene with 13 in the presence of AICI 3 /H 2 S0 4 : 
a mixture of benzene (7.8 g, 0.1 mole) and 13 (12.7 g, 0.1 mole) was 
treated with AiC! 3 (16.2 g, 0.12 mole) and 10 ml of cone. H 2 S0 4 as 
described before. The product was identified, using authentic sample 
and GLC technique, as l-indanone (6, 7 g, 58%) ; table 2. entry 3. 
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o Reaction of loluene with 13 iri the presence of AICIj/CH 3 N0 2 
catalyst : reaction of toluene (9.2 g, 0.1 mole) with 13 (12.7 g, 
0.1 mole) in the presence of AlCI 3 /CH 3 NO : catalyst (0.12 mole) gave 
4 , -methyl-3-chloropropiophenone (2, 18 g, 98%) ; mp, mmp 77 °C, 
Hi. (38) mp 75-76°C (table 2, entry 4). 

o Reaction of toluene 13 in the presence of A1C1 3 catalyst : toluene 
(9.2 g, 0.1 mole) was allowed to react with 13 (12.7 g, 0.1 mole) in the 
presence of A1C1 3 catalyst as described before. The product was 
4 , -methyi-3-chloropropiophenone (2, 16 g, 87%) ; mp, mmp 77°C, 
lit. (38) mp 75-76°C (table 2, entry 5). 

o Reaction of toluene with 13 in the presence of AICi 3 /H 2 S0 4 
catalyst : a solution of toluene (9.2 g, 0.1 mole) and 13 (12.7 g, 
0.1 mole) was treated with A1C1 3 (16.2 g, 0.12 mole) and H 2 S0 4 
(10 ml) as in the general procedure. The crude product (9 g) showed a 
single peak in GLC analysis corresponding to, using an authentic 
sample, 5-methyl-l-indanonc (7, 60%) ; table 2, entry 6. 

o Reaction of p-xylene with 13 in the presence of A1CI 3 /CH 3 N0 2 
catalyst : interaction of p-xylene (10.6 g, 0.1 mole) with 13 (12.7 g, 
0.1 mole) in the presence of AIC1 3 /CH 3 N0 2 catalysts (0.12 mole) 
gave 2 , -5 , -dimeihyl-3-chloroproptophenone (3, 19.5 g, 98%) ; mp, 
mmp 79°C, lit. (38) mp 80°C (table 2, entry 7). 

o Reaction of p-xytene with 13 in the presence of AlClj catalyst : 
treatmeni of a mixture of p-xylene (10.6 g, 0.1 mole) and 13 (12.7 g, 
0.1 mote) with AlCij (16.2 g, 0.12 mole) in 100 ml CS 2 gave 
2'-5'-dimethyl-3-chloropropiophcnone (3, 18 g, 85%) ; mp, mmp 
80°C, lit. (4, 38) mp 80°C (table 2, entry 8). 

o Reaction of p-xylene with 13 in the presence of A1C1 3 /H 2 S0 4 
catalyst : p-xylene (10.6 g. 0.1 mole) was treated with 13 (12.7 g, 
0.1 mole) in the presence of AlCIj/H^O* caLalyst. The product was 
identified by GLC, using an authentic sample, as 4,7-dimethyI-l- 
indanone (8; 12,75%) ; mp, mmp 77°C, lit. (16) mp 77°C (table 2, 
entry 9). 

& Reaction of benzene with 4-chlorobutyryl chloride (14) in the 
presence of AlCI 3 /CH 3 N0 2 catalyst : benzene (7.8 g, 0.1 mole) and 
14 (14.1 g, 0.1 mole) reacted in the presence of A1CI 3 /CH 3 N0 2 
(0.12 mole) catalyst to give 4-chlorobutyrophenone (4, 14.5 g, 71%), 
bp 125°C/5 mmHg, lit. (39) 126-129°C/5 mmHg (table 2, entry 10). 

o Reaction of benzene with 14 in the presence of AICI 3 catalyst : a 
mixture of benzene (7.8 g, 0.1 mole), 14 (14.1 g f 0.1 mole) and A1C1 3 
(16.2 g, 0.1 mole) in 100 CS 2 'was reacted as mentioned before. The 
product was found, using GLC and authentic samples, to be a mix- 
ture of 4-chlorobutyrophenone (4, 55%) and 3-methyM-indanone (9, 
25%) ; table 2. entry II). 

o Reaction of benzene with 14 in the presence of AlCt 3 /H,S0 4 
catalyst : 14 (16.1 g, 0.1 mole) and benzene (7.8 g, 0.1 mole) rea'cled 
in the presence of A1C1 3 /H2S0 4 catalyst. TLX and GLC analysis, 
using authentic sample, showed that the product is 3-methyl-l- 
indanone (9, 10 g, 69%) ; table 2, entry 12. 

© Reaction of p-xylcne with 14 in the presence of A1C1 3 /CH 3 N0 2 
catalyst : reaction, of p-xylene (10.6 g, 0.1 mole) with 14 (14.1 £, 
0.1 mole) in the presence of A1CI 3 /CH 3 N0 2 catalyst (0.12 mole) 
afforded 2\5'-dimethyl-4-chlorobutyrophenone (5, 18 g, 85%), bp 
!46-148°C/7 mmHg, lit. (40); bp 142-1 48°C/7 mmHg (table 2, 
entry 13). 

o Reaction of p-xylene with 14 in the presence of A1C1 3 catalyst : 
the reaction of p-xylene (10.6 g, 0.1 mole) with 14 (14.1 g, 0.1 mole) 
in the presence of AICI 3 /CH 3 N0 2 catalyst (0.12 mole) afforded 
2\5*-dimethyl-4-chlorobutyrophenone (5, 18 g, 85%), bp 
l46-I48°C/7 mmHg, lit. (40) ; bp 142-148°C/7 mmHg (table 2, 
entry 13). 

© Reaction of p-xylene with 14 in the presence of AIC1 3 catalyst : 
the reaction of p-xylene (10.6 g, 0.1 mole) with 14 (14.1 g," 0.1 mole) 
in the presence of A1C1 3 (0.12 mole) gave a product mixture consisting 
of using GLC and authentic samples, 2\5 , -dimethy!-4<hlorobutyro- 
phenone (5, 48%) ; 3.4,7-trimeihyM-indanone (10, 25%) and 5,8- 
dimethyl-l-tetralone-Ol, 10%), table 2,. entry 14. 

o Reaction of p-xylene with 14 in the presence of A1C1 3 /H 2 S0 4 
catalyst : a sample of p-xylene (10.6 g^O.l mole) was treated with 14 
(14.1 g, 0.1 mole) and A10 3 /H 2 S0 4 catalyst according to the general 
procedure. The product was found to be a mixture of 10 and II 
(48%, 33%, respectively), table 2, entry 15. 



DE LA SOCl£T£ CHIMIQUE DE FRANCE 1984^ 7-8 



REFERENCES 



(1) L 
62, 772. 

(2) R. w. Layer and L. R. MacGregor 
21, 1120. 

(3) N 

(4) F. 



I. Smith and W. W. Prichard, J. Am. Chem. Soc, i 9 4 0 

Org. Chem., 1955 



E. Rondestvedt, J. Am. Chem. Soc, \ 



C. Kreschmar, y. Org. Chem., 1968, 



Kishner, J. Russ. Phys. Soc, 1914, 46, 14H. 
Mayer and P. Muller, Ber., 1927, 60B, 2278. 

(5) F. Mayer, X. Billing, K. Horst and K. Schirmacher us 
Patent 1754631 (1930) ; Chem. Abs., 1930, 24, 2469. ' 

(6) F. Mayer, German Patent 5151)0 (1927) \Chem. Abs ioii 
25, 184. /* J '' 

(7) K. von Auwers and E. Risse, Liebigs Ann. Chem., 1933 S0> 
282. 

(8) R. T. Arnold and 
1945, 67, 1265. 

(9) G. Baddeley and R. Williamson, J. Chem. Soc, 1955 
p. 4647 ; G. Baddely and W. Pickles, J. Chem. Soc, 1957. p. 2855' 

(10) J. H. Burckmalter and J. R. Campbell, J. Org Chem 
1961,26,4232. 

(11) A. A. Khalaf and R. M. Roberts, J. Org. Chem., 1966 31 
89. 

(12) W. F. Erman and H. 
33, 1545. 

(13) H. Mortens and G. Hoornaert, Terra, Lett., 1970, p. 1821. 

(14) S. H. Pines and A. W. Douglas, J. Am. Chem. Soc, 1975 
98, 8119 ; J. beg. Chem. % 1978, 43, 3127. 

(15) R.- J. Murray and N. H. Cromwell, J. Org. Chem., 1976 
41, 3540. 

(16) R. T. Hart anH p. r tebse, J. Ar,u Chem. Soc., 
3286. 

(17) E. M. McMahon, J. N. Roper Jr., W. P. Vtermohlen Jr., 
R. H. Hasek, R. C. Harris and J. H. Brant, J. Am. Chem. Soc. 
1948, 70, 2971. 

(18) J, March, « Adranced organic chemistry ; reactions, mecha- 
nisms and structure ». McGraw-Holl, New York, 1968, p. 406-415 
and references therein. 

(19) P. H. Gore, « The chemistry of acyl halides », S. Patai Ed. 
Intersctence publishers. New York, 1972, chap. 5, p. 138-141, 157-168 
and references therein. 

(20) R. T. Morrison and R. N. Boyd, « Organic Chemistry », 
Allyn and Bacon. Inc. Boston, 2nd ed. 1969, p. 379. 

(21) P. H. Gore and J. A. Hoskins, J. Chem. Soc, 1970, p. 517. 
A. Khalaf and R. M. Roberts, J. Org. Chem., 1969, 34. 



(22) A 
3571. 

(23) A 
1040. 

(24) R. 
Eng. low 



A. Khalaf and R. M. Roberts, J. Org. Chem., 1971, 36, 



(28) A. 

(29) A. 

(30) A. 

(31) A. 



297. 
1361. 
1373. 

A. Khalaf and A. M. El-KhawaGa, Revue Roumaine 
Chim., 1981, 26, 739. 

(32) J. Cason, J. Am. Chem. Soc, 1946, 68, 2078. 

(33) G. A. Olah. « Friedel-Crafts Chemistry », 1st ed. Wiley, Nr»* 
York, 1973. 34,' 93 ; W. M. Schubert and H. K. Latourette, 
J. Am. Chem. Soc, 1952, 74, 1829 ; H. R. Synder and R. W. RoESXC 
J. Am. Chem. Soc, 1952 , 72, 5820. 

(34) L. F. Fieser and E. B. Hershberg, /. Am. Chem. Soc, 1939, 
61, 1272. 

(35) C. F. Koelsch, H. Hochmann and C. D. Leclaire, / 
Chem, Soc, 1943, 65, 59. 

(36) P. Buu Hoi and R. Boyer, Bull. Soc Chim. France* 1947. 
p. 812. 

(37) I. Heilbron and H. M. Bunburv, « Dictionary of organic 
compounds », Eyre and Spottiswoode (London), 1, 525 (1945). 

(38) C. F. H. Allen, H..W. J. Cressmann and A. C. Bell, Con 
J. Research, 1933, 8, 440. 



1950, 72. ] 



M. Roberts, G. P. Anderson, A. A. Khalaf and Chow- j 
, J. Org. Chem., 1971, 36, 3342. 

(25) A. A. Khalaf and R. M. Roberts, J. Org. Chem., 1972, 37, | 
4227. 

(26) A. A. Khalaf aad R. M* Roberts, J. Org. Chem., 1973 , 38. i 
1388. : 

(27) A. A, Khalaf, Indian J. Chem., 1974, 12, 476. 
A. Khalaf, Revue Roumaine Chim., 1973, 18 
A. Khalaf, Revue Roumaine Chim., 1973, 19 
A. Khalaf, Revue Roumaine Chim., 1974, 19, 



(39) H. h 

931. 

(40) P. A 
1962, 56. 1C 

(M) R- C 
ScL, 1961, : 

(42) I. V- 
Longman gi 

(43) J. C 
1954. 76. K 



Soc, 1940, 
tern., 1956, 

CHER, U.S. 

Abs., 1931, 

. 1933.502, 

Tiem. Soc. t 

Soc., 1956, 
57, p. 2855. 
>rg. Chem., 

t., 1966,31, 

hem., 196a. 

70. p. 1821. 
Soc, 1976, 

hem., 1976, 

1950, 72, 

MOHLEN Jf„ 

Chem. Soc, 



A. A. KHALAF, A.-M. A. ABDEL-WAHAB, A. M. El-KHAWAGA et M: F. EL-ZOHRY 



11-29! 



(39) 



H. Hart and O. E. Curtis. J. Am. Chem. Soc, 1957, 79, 



931- 



(40) P. A. J. Janssen, §e.g Patent. 577, 977 (1961) ; Chem. Abs., 
,962, 56. 101 10*. 

(41) R. Granger. H. Orzalesi and A. Murratelle. C. R. Acad. 
\ Sci t 1961. 252, 1971 : Chem. Abs., 1961, 55, 21066S. 

(42) I- Vooel, « A text book of practical organic chemistry », 
Long man group (London), 3rd edition, 760 (1975). 

(43) J. C. Westfahl and T. L. Gresham. J. Am. Chem. Soc, 
• ,954. 76, 1076. 



(44) V. N. Ipatieff, J. Am. Chem. Soc. 1948, 70. 2123. 

(45) V. Braun, Ber., 1913, 64. 3044. 

(46) P. A. Plattner and A. Furst Schmid, Helv. Chim. Acta, 
1945, 28, 1636. 

(47) E. B. Barnett and F. G. Sanders, / Chem. Soc, 1933, 
p. 434. 

(4S) R. F. Evans, C. C. Smith and F. B. Stauss, J. Inst. Petro- 
leum, 1954. 40, 7. 
(49) Huang-Minion, J, Am. Chem. Soc, 1946. 68, 2487. 



; ons, mecha- 
, p. 406-415 

S. Patai Ed. 
141, 157-168 



Chemistry ». 

1970, p. 517. 
1969. 34, 

•n., 1971,36. 

F and Chow- 

m., 1972, 37, 

m., 1973, 38. 



18, 297. 

19. 1361. 
19, 1373. 

ue Roumaim 



1. Wiley, Ne* 

LATOURSTrt' 

. \y. Roesk£- 



n. SOC 1939- ; j 



France, 



rv of orga** 
5 (1945). * 
Z. BEU. CaP ' * 



i 



